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© Optical functioning glass, optical fiber waveguide device, and optically active device. 

© An optically active device comprising an optical fiber, a light source and a coupler is disclosed. The^ optical 
fiber has a core made of a silicate glass containing Rb and/or Cs oxide. The core is doped with Nd 3 * as an 
active ion and transmits light at 1.3 urn band. The light source generates excitation light at 0.8 urn. The coupler 
directs the excitation light from the light source into the core of the optical fiber. A signal light or a spontaneous 
light at 1.3 urn band which is transmitted in the core stimulates Nd 3 * to emit light at 1.3 urn band. As a result an 
optical function such as optical amplification can be effected at 1.3 urn band. 
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Background of the Invention 
[Field of the Invention] 

5 The present invention relates to an optical functioning glass doped with Nd 3 *, and to an optical fiber, a 
waveguide device, and an optically active device, all of which use this optical functioning glass. 

[Related Background Art] 

Efforts have been made to manufacture an optically active device such as a fiber amplifier, a fiber 
sensor, and a fiber laser by using a glass doped with a rare-earth element for the application to a light 
communication at a 1.3-um wavelength band and the like. For example, a report has been made 
(ELECTRONICS LETTERS, 1990, Vol. 26. No. 2, pp. 121 - 122) in which an optical functioning glass is 
prepared by adding neodymium ions (Nd 3 *) as an active ions to a phosphate glass as a host glass, an 
optical fiber is formed from this optical functioning glass, and laser oscillation characteristics of the optical 
fiber are evaluated. It reports about the optical fiber characteristic that a fluorescence peak wavelength 
caused by Nd 3 * was about 1.32 urn. an absorption peak wavelength caused by ESA (excited state 
absorption) transition was about 1.31 urn, and an oscillation peak wavelength was about 1.36 urn. 

However, in the reported optical fiber, a sufficiently high laser oscillation gain cannot be obtained 
because the absorption peak at the wavelength of 1.31 urn is present near the fluorescence peak at the 
wavelength of 1.32 urn, and because the intensity of the absorption peak at the 1.31-um wavelength band 
is higher than that of the fluorescence peak at the 1 .32-um wavelength band. 

In addition, since the absorption peak exists at a wavelength shorter than that of the fluorescence peak, 
the oscillation peak wavelength is shifted to a wavelength longer than the 1.3-um wavelength band. As a 
result, a substantial gain of laser oscillation cannot be obtained at the 1.3-um wavelength band. 

Summary of the Invention 

It is an object of the present invention, in consideration of the above situation, to provide an optical 
30 functioning glass capable of performing optical amplification and optical oscillation of light at a 1.3-um 
wavelength band or other wavelength bands, or improving optical amplification efficiency and optical 
oscillation efficiency. It is another object of the present invention to provide an optical fiber and a waveguide 
device, both of which use the optical functioning glass. It is still another object of the present invention to 
provide an optically active device such as an optical amplifier or a laser, which uses the optical fiber or the 
35 waveguide device. 

The present invention is to provide an oxide-based optical functioning glass comprising a host glass 
doped with Nd 3 * as an active ion, the host glass containing rubidium (Rb) and/or cesium (Cs) as its 
constituting component. 

According to this optical functioning glass, since the host glass consists of an oxide-based murti- 
40 component glass containing Rb and/or Cs, the wavelength position of the absorption peak can be largely 
shifted relative to the wavelength position of the fluorescence peak. As a result, it is found that a glass 
suitable for optical amplification and optical oscillation at the 1.3-um wavelength band or other wavelength 
bands can be obtained, as will be described later. 

In a preferred embodiment of an optical functioning glass according to the present invention, an oxide- 
45 based multi-component glass containing an alkaline-earth element together with Rb and/or Cs is used as 
the host glass. 

By using the host glass containing an oxide of an alkaline-earth element, chemical stability such as the 
weather resistance of the optical functioning glass can be improved. 

In addition, the present invention is to provide an optical fiber having a core made of the above optical 
so functioning glass. 

According to this optical fiber, a glass obtained by doping Nd 3 in a host glass containing Rb and/or Cs 
is used as a core glass. For this reason, optical amplification and optical oscillation of light propagating in 
the core glass can be performed at the 1.3-um wavelength band and other wavelength bands, and the 
optical amplification gain and the optical oscillation gain can be increased. That is, light is effectively 
55 confined in the core by fiber formation, and the loss of the confined light is extremely low, thereby forming 
an inverted population of Nd 3 * with a low threshold value. 

In addition, the present invention is to provide a waveguide device having a planar waveguide made of 
the above optical functioning glass. 
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Furthermore, the present invention is to provide an optically active device comprising the above optical 
fiber or the waveguide device, a light source for generating light for exciting Nd 3 , and optical means for 
directing the excitation light from the light source to the optical fiber or the waveguide device. 

According to the above optically active device, Nd 3 * are excited by the excitation light directed to the 
s optical fiber or the waveguide device. Most of the Nd 3 * are stimulated by light of the 1.3-um wavelength 
band or other wavelength bands incident together with the excitation light on the optical fiber or the 
waveguide device, thereby generating radiation light. Thus, Optical functions such as optical amplification, 
laser oscillation, and optical switching can be performed at this wavelength band. 

In addition, the present invention is to provide a fiber amplifier comprising the optical fiber for 
io propagating signal light at a 1.3-um wavelength band or a band near the 1.3-um wavelength band, a light 
source for generating excitation light at an 0.8-um wavelength band or a band near the 0.8-um wavelength 
band, optical means for directing the excitation light from the light source to an optical fiber, and means for 
coupling the signal light at the 1.3-um wavelength band or the band near the 1.3-um wavelength band into 
the optical fiber. 

is According to this fiber amplifier, Nd 3 * is excited by the excitation light at an 0.8-um wavelength band or 
the band near the 0.8-um wavelength band directed into the optical fiber. Most of the Nd 3 * are stimulated 
by the signal light of the 1.3-um wavelength band or the band near the 1.3-um wavelength band incident 
together with the excitation light, thereby generating radiation light. Therefore, optical amplification at the 
1 .3-um wavelength band or the band near the 1 .3-um wavelength band can be performed. 

20 In addition, the present invention is to provide a fiber laser comprising the optical fiber for propagating 
signal light at a 1.3-um wavelength band or a band near 1.3-um wavelength band, a light source for 
generating excitation light at an 0.8-um wavelength band or a band near the 0.8-um wavelength band, 
optical means for directing the excitation light from the light source to an optical fiber, and resonator means 
for feeding the light at the 1.3-um wavelength band or the band near the 1.3-um wavelength band back to 

25 the optical fiber. 

According to this fiber laser, Nd 3 * is excited by the excitation light at the 0.8-um wavelength band or 
the band near the 0.8-um wavelength band. Some or most of the excited Nd 3 * are stimulated by the light of 
the 1.3-um wavelength band or the band near the 1.3-um wavelength band present in the optical fiber, 
thereby generating the radiation light Optical oscillation at the 1 .3-um wavelength band or the band near 
30 the 1.3-um wavelength band can be performed. 

In addition, the present invention is to provide a waveguide amplifier and a waveguide laser, wherein the 
optical fibers constituting the fiber amplifier and the fiber laser are replaced with the above waveguide 
devices, respectively. 

In addition, the present invention is to provide a method of manufacturing an oxide-based optical 
35 functioning glass obtained by doping Nd 3 * as an active ion in a host glass, wherein the host glass is 

prepared by melting a material mixed with Rb oxide and/or Cs oxide. 

The present invention will become more fully understood from the detailed description given herein- 

below and the accompanying drawings which are given by way of illustration only, and thus are not to be 

considered as limiting the present invention. 
40 Further scope of applicability of the present invention will become apparent from the detailed 

description given hereinafter. However, it should be understood that the detailed description and specific 

examples, while indicating preferred embodiments of the invention, are given by way of illustration only, 

since various changes and modifications within the spirit and scope of the invention will become apparent to 

those skilled in the art form this detailed description. 

45 

Brief Description of the Drawings 

Fig. 1 is a graph showing a relationship between the types of alkali dopants and Nd 2 * energy levels in a 
silicate glass; 

so Rg. 2 is a graph showing a relationship between the types of alkali dopants and Nd 3 * energy levels in a 
phosphate glass; 

Rg. 3 is a graph showing a relationship between the types of alkali dopants and Nd 3 * fluorescence 
lifetimes; 

Rg. 4 is a graph showing a relationship between the types of aJkaline-earth dopants and Nd 3 * 
55 fluorescence lifetimes; 

Rg. 5 is a diagram showing an embodiment of a fiber amplifier; 
Rg. 6 is a diagram showing an embodiment of a fiber laser; and 
Rg. 7 is a perspective view showing an embodiment of a waveguide laser. 
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Detailed Description of the Preferred Embodiments 

The principle of the present invention and the process in which the present invention was, wasted 
will be described below. The present inventor proposed the following assumption ^made e^ve 

s studies on it That is. in order to change the wavelength position of an emiss.on peak of an NcP relative to 
to afS^n^ak it is assumed that effects of a crystalline electric field. Coulomb interacbon. and sp,n- 
orb it interaction upon electrons in Nd* should be changed. 

For example, a 4f-orbit electron assumed to be related to light absorption or em.ss.onj the 1 >um 
wavSngTSnd is taken into consideration. The crystalline electric field is assumed to have almost ^no 

,o rieToTtte 4f-orbit electrons because the field is shielded by electrons of the outer*** the ^other 
hand Assumed that the Coulomb interaction and the spin-orbit interaction can be changed by chang.ng 
£d&7££l electrons within the 4f orbit or the distance between the atomic nuc^ e^ 
By ending or constricting an No*' electron cloud, the absorption and em.ss.on wavelengths at the 1.3 

^ to change the bond property between Nd*' and 

aton^T^Sound inW to expand or constrict the electron cloud. That is. an oxide of Rb or Cs 
i Tl^rirrment is used as a component of a host glass, and ^orKenfraton .s change* to 
^rL^ nr decrease the strength of a covalent bond or an ionic bond between Nd 3 and the l.gands 
^thTre^uTr. r^un 9 ! Nc^ etectron cloud can be expanded o. J-jJJJ 
20 absorption and emission at and near the 1.3-um wavelength band are assumed to be shrfted In ttus :c*b. 
TZ etement having a high ionicity. such as Rb or Cs. is assumed to s^onghy act ^ on W> ^en the 
concentrations of oxides of these elements are increased or decreased m the host glass, the ^etength 
Sifts of tt!e absorption and emission peaks are nonuniformed. Moreover, the relahve wavelength pos-hons 
of the absorption and emission peaks are expected to be largely changed. described 
The absorption and emission wavelength shifts at the 1.3-um wavelength band have ^^escnbed 
above A^milar assumption can be made for the absorption and emission wavelengths .n other wavelength 

ban< The above conclusion is simply an assumption. The present inventor confirmed improvements of optical 
rnnS^^SSS oscillation characteristics of an N^-doped glass on the bass of expenments (to 
SSSi and extensive studies based on phenomena derived from the experimental resufte. 

XT^JSSmi No** energy levels obtained by changing the types of alkali element oxrdes 
R' 2 0 added to a silicate glass (201^0-1 SR'aO-esSiCfe). . 

A brief description will be made for a light absorption/emission mechanism of No* at the 1.3-um 
waveteS bS S to a description of the drawings. An electron set in a ground state level n- • 
ZZX e^tedTa level «F M by excitetion light of about 0.8 urn so ^ a rK,rw^a«on p^ss .s set 
ich that phonons or the like are emitted. The energy level of the e ectron ,s the« sh^ed to . level MjBy 
n„ m ninn when an inverted population is formed between the level 'F^ and the level *h M . emisswn 
Sa ing SSiTSS wavelength band can be performed. On the other hand, an elecfron set in me 
le^l Vl^teorbs light of the 1.31-um wavelength band and may be excited to a level *G,«. For this 
m coronal glasses, even if an electron is pumped to the level 'F^. efficient em.ss.on cannot 

bT^riormSlTt^ 1 JLm wavelength band. For this reason, a sufficiently high laser gam cannot be 
nhtained at and near the 1.31-um wavelength band. 

^IZJFnergy levete. that is the wavenumbers of electrons are^cuteted from absorpton ^peak 
wavelengths at and near 530 nm. 800 nm. and 880 nm by using a spectrophotometer. These peaks 
jk rorresoond to the energy levels *G7«.*F3«. and* h ». respectively. 

ST aoZent from >.g. 1. the energy levels '(WFa*. and *l 13 * linearly change in accordance w,th 
♦h* tonic e^S of lali elements R' used. In this case, although the interval between the energy levels 
F almost cS. the interval between the energy levels 'G™ and 'F^ greatly varies. 

jlTs Inom^tdStes that I energy difference between the levels •Q» and corresPond.ng to 
so the ESA at die 132-um wavelength band greatiy varies while the energy difference between the 'avelsJF** 
Z ^wespoZg to theluoresce 9 at me 1.32-um wavelength band is not almost cr^edjn 
Z«J£ when atono-periodic element such as Rb and Cs is used as an alkali element, an ESA peak 
T^ ^^ZTlMS um or more, while me wavelength of the fluorescence peak is Hm ed to 
ZTTus um Since the ESA wavelength does not interact with the fluorescent wavelength .f tteir 
55 Sence is M nm or more, the phenomenon which causes the ESA to influence the fluorescence (..e.. 
S elevens Z in the energy level *F M are deenergized by the ESA) can be suppressed by use of an 
a ^.0^^ or Cs. In addition, when an oxide of an a«cali element. Rb or Cs. is used as a dopant to 
S the ESA peak to the tong-wavelength side of the fluorescence peak, the wavelength band for obtam.ng 
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the optica) amplification and oscillation gains can be relatively shifted to the shorter-wavelength side. As a 
result, the optical amplification and oscillation gains can be obtained near a wavelength of 1 .31 urn shorter 
than the wavelength of 1.32 urn at which the fluorescence peak is present. 

Fig. 2 shows changes in Nd 3 * energy levels obtained by changing the types of alkali element oxides 

5 FV2O added to a phosphate glass (l0La2Cb-25R2O65P205). 

In the graph of Fig. 2, the energy levels 4 67/2.* F^. and 4 I 13 « respectively corresponding to the 
absorption peaks at the wavelengths of 530 nm, 800 nm, and 880 nm are kept constant regardless of the 
tapes of alkali elements R' used. In the case of the phosphate glass, it is difficult to change the relationship 
between the three energy levels associated with optical amplification at the 1.3-um wavelength band. 

ro However, some improvement can be found when a phosphate is partially replaced with a silicate. 

Fig. 3 shows changes in fluorescence lifetimes for the Nd 3 * energy levels *F&2 and 4 l ia « obtained by 
changing the types of alkali elements R' added to the multi-component glasses in Figs. 1 and 2. As is 
apparent from Fig. 3, in both silicate and phosphate glasses, when an alkali element having an ion of a large 
radius is used, the Nd 9 * fluorescence lifetime can be prolonged. In this sense, a glass containing an oxide 

is of an alkali element, Rb or Cs, is preferably used as the host glass. 

It is still unclear that the above assumption is appropriate. In any case, according to the experiments 
and examinations of the present inventor, when an oxide-based multi-component glass containing Rb or Cs 
is used as the host glass doped with Nd 3 * as an active ion, a promising optical functioning glass which 
allows optical amplification of Nd 3 * at the 1.3-um wavelength band or the like or improves its optical 

20 amplification efficiency can be obtained. 

In this case, when a host glass having a large amount of an alkali element added thereto is used so as 
to obtain an effective shift in ESA peak wavelength, stability of the host glass is degraded. This 
phenomenon typically occurs when the content of the alkali element exceeds 45 mol%. In particular, when a 
long-periodic element such as Rb or Cs is used, deliquescence and the like become conspicuous to 

25 accelerate degradation If the concentration of Rb or the like is reduced and the content of the oxide of Rb 
or the like is controlled to be 5 mol% or less in order to improve deliquescence, a typical shift does not 
occur in the ESA peak wavelength. 

The present inventor searched for a host material exhibiting chemical stability even if the above long- 
periodic element is used. In order to improve chemical stability of the glass itself, an alkaline-earth element 

30 is preferably used as an additive. It is, however, undesirable, that the ESA peak wavelength tends to return 
to the original wavelength due to doping of the alkaline-earth element or that the fluorescence peak 
wavelength tends to be largely shifted to the long-wavelength side. For this reason, the silicate glass in Fig. 
1 is used as a starting material, an alkaline-earth element such as Mg or Ca is added thereto or part of the 
starting material is substituted with Mg or Ca, thereby preparing an optical functioning glass. Tests such as 

35 a deliquescence test and weather resistance test of this glass sample were performed, and it was found that 
these chemical properties were improved, thereby greatly improving chemical stability. Note that the 
fluorescence peak and the ESA peak were not almost changed as compared with that in Fig. 1. 

Fig. 4 shows variations in Nd 3 * fluorescence lifetimes in accordance with the types of alkaline-earth 
elements used. It is found that the fluorescence lifetime is shortened when the radius of an ion is increased. 

40 It is therefore found that a preferable composition of the host glass to be doped with Nd 3 * contains Rb 
and/or Cs and also Mg. 

The optical functioning glass shown in Fig. 1 to 4 is used as an optical fiber material. For example, this 
glass material is used to form a planar waveguide or the like. It is preferable to manufacture an optical fiber 
comprising a core made of the above optical functioning glass and a cladding surrounding the core and 

45 having a lower refractive index than that of the core, so as to obtain an elongated optical transmission line. 

The above optical fiber is manufactured as follows in practice. An optical functioning glass obtained by 
doping Nd 3 * in a host glass containing Rb or Cs is prepared, and a preform having a core made of this 
optical functioning glass is formed in accordance with a rod-in-tube method. The prepared preform is set in 
a known drawing apparatus and is drawn into an optical fiber. The resultant optical fiber comprises a core 

50 doped with Nd 3 and a cladding layer having a lower refractive index than that of the core and not doped 
with Nd 3 *. 

The optical fiber having the core made of the optical functioning glass described above can be applied 
to an optically active device such as a fiber laser, a fiber amplifier, and a fiber detector. More specifically, 
since the oxide-based mufti-component glass containing an oxide of Rb or Cs is used as the host glass for 
55 the core glass, sufficiently high optical amplification and oscillation gains can be obtained in, e.g., the 1.3- 
um wavelength band or the wavelength band near the 1.3-um wavelength band. In addition, since light is 
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efficiently confined in the core by fiber formation and its loss is extremely low. an inverted population can 
be formed with a small threshold value. Therefore, applications for a high-gain fiber amplifier or the like can 

136 TiTaddition, the above optical fiber can be used in a fiber amplifier for amplifying light of the 1.3-um 
5 wavelength band as an application example. 

Fig 5 shows a 1.3-nm wavelength band fiber amplifier. A laser diode is used as a signal source 11. 
One end of an optical fiber 18a is optically connected to the output of this signal source 11. The other end 
of the optical fiber 18a is connected to the input of a coupler 13. A Ti-sapphire laser is used as a laser 
source 12 as an excitation light source. One end of an optical fiber 19a is connected to the output of the 
io laser source 12. The other end of the optical fiber 19a is connected to the input of the coupler 13. 

Two optical fibers 18b and 19b extend from the output of the coupler 13. The terminal end of the optical 
fiber 19b is dipped in a matching oil 17 for preventing return light. The terminal end of the optical fiber 18b 
is connected to one end of an optical fiber 10 serving as an optical transmission line through a connector or 
the like. A spectrum analyzer 15 is arranged at the output as the other end of the optical fiber 10. A filter 16 

,s is inserted in the optical fiber 10 and the spectrum analyzer 15. 

The coupler 13 is obtained by fusing and then stretching the two optical fibers 18 and 19. The coupler 
13 and the fibers 18a, 18b. 19a, and 19b constitute an optical means. 

The optical fiber 10 comprises an SM fiber having a length of 1 m. The optical fiber 10 has an outer 
diameter of 125 nm and a core diameter of 5 urn. Note that a silicate glass containing an oxide of an alkali 
20 element such as Rb or Cs and doped with Nd^* as an active ion is used as the host glass. 

An operation of the fiber amplifier in Fig. 5 will be briefly described below. The laser source 12 outputs 
excitation light at a 0.80-um wavelength band. This excitation light is incident on the coupler 13 through the 
optical fiber 19a and on the optical fiber 10 through the optical fiber 18b. Since the core of the optical fiber 
10 on which the excitation light is incident is doped with Ntf as an active ion. the Nd* excited in a 
25 predetermined state with this excitation light is set in a state wherein light at a 1 .3-um wavelength band can 

** ^e Signal light of the 1.3-um wavelength band output from the signal source 11 is incident on the fiber 
coupler 13 through the optical fiber 18a. The signal light incident on the coupler 13 is coupled to the 
excitation light from the laser source 12 and is then incident on the optical fiber 10. The signal light incident 

so on the optical fiber 10 stimulates the pumped NcP to emit light at the 1 .3-um wavelength band. 

The excitation light and the amplified signal light are output from the output of the optical fiber m Of 
these light components, the excitation light is art off by the filter 16. For this reason, only the ampMta? 
signal light is incident on the spectrum analyzer 15. Therefore, the optical amplification gain by the N<P - 
doped optical fiber can be measured. 

35 Table I below shows measurement results of the optical amplification gains of the fiber amplifier shown 

in Fig. 5. 

Table! 



40 





Amplification Peak [um] 


Gain at 1.31 urn 


Sample 1 


1.327 


20 dB 


Sample 2 


1.327 


17 dB 


Sample 3 


1.320 


10 dB 


Sample 4 


1.350 


OdB 



In this case. fcO, RfcO, and CS2O were used as the alkali element oxides R' 2 0. Materials for the core 
50 glass of Samples 1 to 4 were blended to obtain the following compositions. These materials were 
respectively melted in platinum melting pots and were rapidly cooled to be vitrified. 
(Sample 1) 20Na2O15Rb2O65Si02 
(Sample 2) 20Na2O15Cs 2 O65Si02 
(Sample 3) 20Na2O15K2O65Si02 
55 (Sample 4) 20Na2<>15Li2O-65SiO2 

Nd 3 serving as an active ion was prepared as an oxide in a material preparation step so as to obtain a 

concentration of 1 wt%. 
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As is apparent from Table I, in Samples 1 and 2 respectively using Rb and Cs as alkali elements, high 
gains are obtained. On the other band, in Samples 3 and 4 respectively using K and U as alkali elements, 
no gain is obtained or small gains are obtained if any. 

Table It below shows fluorescence peaks and so on when a host glass having an alkali element oxide , 
RtfcO, and Mg oxide added thereto is used. 

Table II 





ESA Wave-length [urn] 


Fluorescence Wavelength [urn] 


Deliquescence 
(Visual Observation) 


Sample 1 


1.353 


1.327 


None 


Sample 2 


1.344 


1.327 


None 


Sample 3 


1.351 


1.327 


None 


Sample 4 


1.346 


1.327 


Slight 



10 



15 



20 



25 



30 



35 



40 



50 



55 



In this case, the fluorescence peaks were measured using the fiber amplifier shown in Fig. 5. Materials 
for the core glass of Samples 5 to 8 were blended to obtain the following compositions and were 
respectively melted in platinum crucible and rapidly cooled to be vitrified. 

(Sample 5) 20Na2O-10Rb2O-10MgO-60SiO2 

(Sample 6) 15Na2O~10Rb2O-10MgO-65SiQ2 

(Sample 7) 10Na2O-10Rb2O-10MgO-70SiQ2 

(Sample 8) 10Na2O-15Rb2O-10MgO65SiQ2 

Note that Nd 3 * serving as an active ion was prepared as an oxide in a material preparation step so as 
to obtain a concentration of 1 wt%. 

As is apparent from Table II, in Samples 5 to 8 using Mg as the alkaline-earth element, the ESA peak 
wavelengths are 1.344 urn or more. The fluorescence peaks are kept at the wavelength of 1.327 urn. It is 
therefore assumed that high gains are obtained at and near the 1 .32-um wavelength band. In this case, 
deliquescence was not almost found in all the samples. These glass samples were excellent in weather 
resistance. For example, the glass used as the core glass of Sample 5 was cut into a test piece, and this 
test piece was dipped in water at room temperature for 50 hrs or more. The weight of this test piece was 
not almost reduced. 

In the fiber amplifier shown in Fig. 5, the signal light from the signal light source 11 and the excitation 
light from the laser source 12 are incident on the optical fiber 10. The signal light from the signal light 
source may be incident on one end of the optical fiber 10, and the excitation light from the laser source 
may be incident on the other end of the optical fiber 10. In addition, one or a plurality of laser sources for 
generating excitation light components having predetermined wavelengths capable of performing fluorescent 
emission of Nd 3 * may be prepared in accordance with signal light components having different wavelengths 
corresponding to the Nd 3 * fluorescent emission components. Signal light having each wavelength is 
incident on one end of the optical fiber 10, and at the same time, the excitation light from the laser source 
may be incident on the other end of the optical fiber to achieve a multi-channel fiber amplifier. 

Fig. 6 shows an embodiment of a 1.3-um wavelength band fiber laser. A laser light source 12 is 
identical to that used in the fiber amplifier shown in Fig. 5. That is, the laser source 12 is a 0.80-um 
wavelength Ti-sapphire laser. An optical fiber 10 doped with Nd 3 * is also identical to that used in the optical 
amplifier. 

The excitation light having a wavelength of 0.80 urn from the laser source 12 is incident on one end of 
the optical fiber 10 having the core doped with Nd 3 * by an appropriate means 28 such as a lens or an 
optical connector. The Nd 3 * contained in the optical fiber is excited to a predetermined state by this 
excitation light, and light at the 1.3-um wavelength band can be emitted. Since the input and output ends of 
the optical fibers 10 are made mirror surfaces, these end faces of the input and output ends constitute a 
resonator. As a result, when an output of the excitation light exceeds a predetermined value, laser oscillation 
occurs at any wavelength within the 1 .3-u.m wavelength band. 

Fig. 7 shows an embodiment of a waveguide amplifier 100. Planar waveguides 130a, 130b, and 130c 
are formed on a substrate 120 so that one waveguide is branched into two waveguides. The planar 
waveguide 130a is made of the glass of the above embodiment doped with Nd 3 *. A filter 136 made of a 
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grating is formed at the other end of the planar waveguide 130a. Signal light « .J^STaSS 
Kent on the planar waveguide 1306. Excitation light at the 0.80-um waveiength band is inadent on the 
nlanar waveouide 130c. A laser source is identical to that shown in Fig. 5. 

^ oSon of me waveguide ampiifier 100 shown in Fig. 7 will be briefly described. The s^naUght^ 
, is Indent on'lhe planar waveguide 130a through the wav^u^e 1^. Jh. 

Bow at the 080-um wavelength band from the excitation light source such as a semiconductor 
S? r-Ifii5 ^ p^ar wav'eguioe 130a. The excitation light excites the Nd> serving as the 

on eTcl n2* fs stimulate^ the signal fight, and radiation light at the 1.3-um 
ST is Generated When the excitation light exceeds a predetermined intensity, the s.gnal light ,s amplified. 

tn S rSnto^the host gis used in the core of the optical fiber or the plana, ^wavegu.de 
conirofa silteate mufti-component g.ass. However, the compositic^of the host gtess is 
th°s For example, a phosphate glass and borate glass may be used or may be added ,n the above 

C °Tid°L. the resonator used in the fiber laser may be of a type using a dialectic ^«*»** 
From the invention thus described, it will be obvious that the invention may be van* ,n MyMtJ 
rro... u raaarde d as a departure from the spirit and scope of the invention, and all 

scope of the following claims. 
20 Claims 

1 An oxide-based optical functioning glass containing Nd»* as an active ion doped in 

wheSn the host glass contains at least one element selected from the group consisting of Rb and Cs. 

25 2. A glass according to claim 1 . wherein the host glass is a silicate-based glass. 

3. A glass according to claim 1. wherein the host glass contains an alkaline-earth element as a 

constituting component thereof. 
M 4. A glass according to claim 1. wherein the alkaline-earth element is at least one element selected from 

the group consisting of Mg and Ca. 
5. An optical fiber comprising a core made of an optical functioning glass according to claim 1 . 

35 6. A fiber according to claim 5. wherein the fiber propagates light at a 1.3-um wavelength band or a band 
near the 1 .3-um wavelength band. 

7. An optically active device comprising: 

an optical fiber according to claim 5; 

a light source for generating excitation light for exciting , No* ; and 
optica! means for directing the excitation light from said light source to said optical fiber. 

a An optically active device comprising: 

an optical fiber according to claim 6; *k 0 n an- 

alight source for generating excitation light at a 0.80-um wavelength band or a band near the 0.80- 

um wavelength band; and 

optical means for directing the excitation light from said light source to said optical fiber. 
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9. A fiber amplifier comprising: 

an oDticallv active device according to claim 8; and 

cTpCme^s for coupling signa. light at a 1.3-um wavelength band or a band near the 1.3-um 
wavelength band into said optical fiber. 

10. A fiber laser comprising: 

an optically active device according to claim 8; and 

^nator means for feeding light at a 1.3-um wavelength band or a band near the 1.3-um 
wavelength band from said optical fiber back to said optical fiber. 
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11. A waveguide device comprising a planar waveguide made of an optical functioning glass according to 
claim 1. 

12. A device according to claim 1 1 , wherein said device propagates light at a 1 .3-um wavelength band or a 
5 band near the 1.3-um wavelength band. 

13. An optically active device comprising: 

a waveguide device according to claim 11; 
a light source for generating excitation light for exciting Nd 3 *; and 
io optical means for directing the excitation light from said light source to said planar waveguide. 

14. An optically active device comprising: 

a waveguide device according to claim 12; 

a light source for generating excitation light at a 0.80-um wavelength band or a band near the 0.80- 
75 urn wavelength band; and 

optical means for directing the excitation light from said light source to said planar waveguide. 

15. A waveguide amplifier comprising: 

an optically active device according to claim 14; and 
20 coupling means for coupling signal light at a 1 .3-um wavelength band or a band near the 1 .3-um 

wavelength band to said planar waveguide. 

16. A waveguide laser comprising: 

an optically active device according to claim 14; and 
25 resonator means for feeding light at a 1.3-um wavelength band or a band near the 1.3-um 

wavelength band from said planar waveguide back to said planar waveguide. 

17. A method of manufacturing an oxide-based optical functioning glass containing Nd 3 * as an active ion 
doped in a host glass, comprising the step of melting a material mixed with an oxide of at least one 

30 . element selected from the group consisting of Rb and Cs to prepare the host glass. 

18. A method according to claim 16, wherein a concentration of the oxide of at least one element selected 
from the group consisting of Rb and Cs in the material falls within a range of 5 mol% to 45 mol%. 

J5 19i An optical functioning glass manufactured by the method of claim 17. 

2a An optical functioning glass manufactured by the method of claim 1a 
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